Introduction

79
How does the brain distribute sensory information to enable the successful encoding of This general organizational scheme (receptor neurons  thalamus  cortical structures) 87 is utilized by all sensory systems but the olfactory system. This leads to the notion that 88 within the olfactory system, it is the interaction of olfactory cortical structures which is 89 integral for the generation of an odor percept (Haberly, 2001 ).
91
In the mammalian olfactory system, odors are transduced by olfactory sensory neurons 92 in the nasal epithelium which extend their axons into the olfactory bulb wherein they 
Results
155
Viral strategy for the optogenetic control of PCX principal neurons.
156
In order to target PCX neurons and their association fibers innervating the OT for later 157 optogenetic manipulation, we injected an AAV viral vector designed to express ChR2 and 
166
From all colabeled neurons, the greatest numbers were found in layer ii (78.9%, mean = 167 101.1 neurons), followed by layers iii and i, respectively (iii: 16.9%, mean = 21.7 neurons; was observed in these cases which further confirms cellular specificity of the AAV 176 infection (Fig S1D) .
178
Using this viral approach, we also observed mCherry+ PCX association fibers innervating 179 the OT (Fig 1E) . As anticipated based upon previous tracing studies (Schwob and Price, 180 1984a, 1984b), these fibers were observed in all cell layers of the OT. To quantify the 181 density of these association fibers, we extracted the fluorescence intensity across OT cell 182 layers from 4 mice. Fluorescence intensity was greatest in layer ii, followed by layers iii 183 and i (F(2,9)=4.63, p=0.04) (Fig 1F) . Activation of PCX neurons enhances OT activity.
190
We next sought to address whether the PCX influences the activity of OT neurons in vivo.
191
Three weeks after viral injection as described above, mice were implanted with an optical 192 fiber in the PCX for light stimulation of ChR2-transduced neurons (Fig S1B) and an
193
electrode array in the OT to record single unit neural activity (Fig 2A) 
218
We found that light stimulation of ChR2-transduced CaMKiiα neurons within the PCX 219 elicits changes in the firing rates of OT units (Fig 2B-D Fig 2C) . The impact of PCX activation was significant at the population level 224 across all of these modulated units (t(15)=-4.79, p=0.00012; Fig 2D) . This effect was 225 exclusively due to excitation among these OT units, with all units increasing their firing 226 rate upon light stimulation (Fig 2C-D) . Some units showed dramatic increases in firing 227 compared to their low background firing rates (e.g., from ~2Hz to near 15Hz; Fig 2D) .
228
Importantly, the fact that we observed ChR2-dependent modulation of OT units in only Activation of PCX association fibers within the OT modulates OT activity.
237
Is the PCX capable of influencing OT activity directly through its association fiber system?
238
To test this, we adapted a new in vivo preparation wherein we used the same viral 239 approach described above along with an optetrode to directly stimulate PCX association 240 fibers specifically within the OT while simultaneously recording OT unit activity (Fig 3A) .
241
This approach allowed us to determine the direct contributions of the PCX upon the OT, suppression, whereas others responded by excitation of their firing rates (Fig 3B) . Not 
287
Our results demonstrating that PCX association fiber activation alters the proportion of cell-odor pairs that encoded odors (in absence of light) with low firing rates (Fig 4Aiii) .
303
Conversely, odor-suppressed units displayed significant excitation during association bidirectional modulation of OT odor coding was also observed in our previous preparation 309 wherein we stimulated the PCX directly (Fig S4) . to both of these cell populations (Fig 6A-B) , as also supported by our cell-type specific 376 patch clamp recordings (Fig 5) . We first quantified the difference in innervation patterns 377 of both cell types across PCX layers. Consistent with our in vivo quantification (Fig 1D) receiving the intra-cranial implants at which point they were single housed. silver epoxy, with a stainless steel wire (A-M Systems) serving as the ground wire.
638
Tungsten wires were bundled in two polyimide tubes and cut to the appropriate length.
639
Optetrode assembly was performed in accordance with (Anikeeva et al., 2011) , with only 640 slight modifications made to reach the appropriate ventral depth. Light intensity output of 641 the final pre-implanted fiber was 7-10 mW 3 and the distance between tetrode tips and 642 fiber end were 500-800 µm apart to yield a broad light cone for neuron activation. between male and female mice were evident so data was pooled across mice. 
